Objective-To establish a polymerase chain reaction (PCR) protocol for the detection of urogenital C trachomatis infection and to compare it with the detection in cell culture. Specimens-Urethral specimens were collected from 62 male patients and cervical specimens from 106 female patients. Setting-Department of Dermatology and Venereology, Ruprecht-Karls-Universitat, Heidelberg. Methods-Urogenital specimens were simply boiled for 15 minutes and subsequently subjected to amplification without prior extraction of nucleic acid. The DNA sequence selected for amplification is located in the third open reading frame of the ubiquitous C trachomatis plasmid pCTTI. The amplified products were demonstrated by agarose gel electrophoresis followed by Southern blot hybridization. In addition, specimens were investigated with cell culture. Main outcome measures-Results of PCR and cell culture. Results-PCR detected all C trachomatis serovars relevant for urogenital infections (D-L2). Serial dilution experiments revealed that the PCR procedure was 100 fold more sensitive than cell culture. The investigation of 168 urogenital specimens showed that the PCR confirmed all 30 cell culture positive results, however, out of the 138 cell culture negative specimens 16 were positive using the PCR. Conclusions-A substantial number of urogenital C trachomatis infections detectable by PCR may be missed by the cell culture technique.
Introduction
For the detection of C trachomatis infections in the urogenital tract a variety of methods have been developed. These include different staining procedures to demonstrate intracellular inclusion bodies," direct detection of C trachomatis antigens by fluoresceine-labelled monoclonal antibodies "7 or by enzyme immunoassay79 as well as direct nucleic acid hybridization procedures."0O1 12 However, detection of C trachomatis, still has its limitations. If specimens with only few chlamydial organisms are screened, methods of direct antigen detection and direct hybridization techniques reach their limits. When the viability of the infectious agent has suffered, for example, by poor transportation conditions, cell culture fails to detect C trachomatis." Therefore, none of the available techniques have the optimal sensitivity to analyse the actual prevalence of C trachomatis infections.
The recently developed PCR technology allows the detection of even smallest amounts of specific nucleic acids using repeated amplification steps of a respective target sequence.4 15 PCR protocols for the detection of C trachomatis have been described.202' However, owing to prior extraction ofDNA these are rather laborious and not suitable for routine screening. Furthermore, DNA extraction enhances the risk for contamination. Here we describe a simplified PCR protocol using boiled cells from genital specimens without prior extraction of nucleic acids. As in an earlier study20 the target sequence was selected from the obligatory C trachomatis plasmid pCTTl. The protocol of the present investigation proved to be specific and about 100 fold more sensitive compared with the commonly used cell culture technique. Because of its simplicity and sensitivity it may be useful also for the routine diagnosis of C trachomatis infections.
Materials and methods
Clinical specimens The specimens tested by PCR were collected from 62 male patients (urethral specimens) and 106 The PCR was performed in a DNA thermal cycler (Buhler, Stuttgart) starting with an incubation of 10 minutes at 90°C (denaturation to single stranded DNA), followed by 40 cycles of3 x 1 minute at 500C (annealing of the primers), at 700C (extension of the DNA) and again 90°C. Forty cycles were run through, ending with the last cycle at a temperature of 70°C for 10 minutes. Southern blot investigations Half of the reaction mixture was subjected to electrophoresis in a 2% agarose gel. The DNA bands were visualised after ethidium bromide staining under UV-light. The agarose gel was then incubated three times in 0-25 M HCI for 15 minutes and subsequently rinsed in distilled water. The DNA in the gel was denatured by incubation for 20 minutes in 0 5 M NaOH, 1-5 M NaCl and blotted on a Genescreen PlusTM blot membrane (NEN Du Pont, Dreieich). Upon transfer of the DNA the membrane was neutralized in 3 M NaCl, 0-5 M Tris-HCl (pH 6-0) for ten minutes and subsequently dried at room temperature.
A diagnostic oligonucleotide consisting of the sequence 5'-TCT ATT CGC AGC GCT AGA GG-3' corresponding to nucleotide positions [2054] [2055] [2056] [2057] [2058] [2059] [2060] [2061] [2062] [2063] [2064] [2065] [2066] [2067] [2068] [2069] [2070] [2071] [2072] [2073] and located between the amplification primers was labelled by phosphorylation at the 5' terminus with 32P dATP (Amersham Buchler, Braunschweig) and T4 polynucleotide kinase according to standard procedures."6 Southern blots were prehybridised overnight at 55°C in 0-9 M NaCl, 6 mM EDTA, 90 mM Tris HCl (pH 7 5), 1 % sodium laurylsulfate (SDS) and 100 pg/ml tRNA (Boehringer, Mannheim). Labelled oligonucleotide (107 cpm) was added and hybridised overnight. The membranes were first washed for 10 minutes at 55°C in 3 x SSC, 10 mM sodium hydrogen phosphate (pH 7-0), 5% SDS and subsequently for 10 minutes at 55°C in 1 x SSC, 1% SDS. The membranes were then exposed to autoradiography on an X-ray film for 30 minutes, 3 hours and 70 hours.
Results
To test whether the PCR protocol described here detects all C trachomatis serovars relevant for urogenital infections, serovars D-L2 grown on McCoy cells were subjected to PCR. 0-2 ml of cell culture supernatant was centrifuged at 3000 g for one hour at room temperature and the resulting pellet resuspended in 7 pl culture medium. After boiling for 15 minutes PCR was performed. Amplification products were electrophoretically separated in a 2% agarose gel stained in ethidium bromide and blotted on Gene Screen plus membranes. These were hybridised with the diagnostic oligonucleotide. All serovars could be specifically amplified (fig 1) . Next the sensitivity of the PCR-protocol was tested in comparison with the routinely used cell culture system for the detection of C trachomatis. A culture suspension containing living organisms of C trachomatis serovar L2 was serially diluted and aliquots of each dilution step were investigated in parallel with the cell culture and PCR technique. DNA of the obligatory C trachomatis plasmid pCTT1 could be demonstrated even with a dilution of 10-5 whereas inclusions could only be detected when cell culture was inoculated with a dilution of at least 10-'.
Investigation of 30 culture-positive urogenital specimens revealed that all were positive with the PCR. When the PCR was performed for 138 culturenegative specimens, 16 of them (11-6%) were positive. As demonstrated for one of the series of investigation distinct bands of the amplified 528 base pair fragment could be visualised in ethidium bromide stained agarose gels (fig 2) . Subsequent hybridisation of Southern blots confirmed the amplified respective C trachomatis plasmid pCTT1 sequences.
Discussion
The evaluation of methods to directly detect C trachomatis by fluoresceine-labelled monoclonal antibodies, enzyme immunoassay or nucleic acid hybridisation indicated that at least one portion ofthe results which are discrepantly positive with respect to cell culture mean actual infections."3 Accordingly, 0 1 2 3 4 5 6 7 8 9 1011 1213141516171819 1 2 3 4 5 6 7 8 910 11 1213 14 15 16 17 even before the introduction of tests to detect chlamydiae directly, it was generally thought that the sensitivity of cell cultures reaches only 90% '7-9 Owing to a limited sensitivity of the tests to directly detect chlamydiae this assumption could not be proved formally. Our study and a previous similar one20 make clear that, compared to cell culture, amplification of defined sequences of C trachomatis and the consecutive demonstration of these sequences by electrophoresis and hybridisation lead to a higher sensitivity of detection of C trachomatis in urogenital specimens. Moreover, a simplified protocol allowed the detection of C trachomatis-DNA without prior extraction of nucleic acids: Boiling of the specimens proved sufficient to obtain results comparable with those obtained with purified DNA.20 On the one hand, fewer procedure steps reduce the risk of contamination, representing the most important problem of the PCR-technique. On the other hand, the simplified protocol is faster, thus allowing the investigation of larger numbers of specimens.
The detection of C trachomatis by our PCR protocol is based on the amplification of the DNAsequence of the third open reading frame of the C trachomatis plasmid pCTT1. Whereas this plasmid could not be detected in the species C psittaci and C pneumoniae as well as in the mouse pneumonitis biovar of C trachomatis, it was found to be present in all strains of the trachoma and LGV biovars investigated so far.2"24 Accordingly, this PCR protocol allowed the amplification and detection ofthe defined plasmid DNA-sequence in suspensions of cultures inoculated with serovars D-L2. Similarly using a PCR-technique based on amplification of DNAsequences located at almost the same region in the third open reading frame of pCTT1, Ostergaard et al°' detected amplified plasmid-DNA in a panel of C trachomatis prototype serovars. Moreover, Palmer and Falkow" showed that the DNA-sequences ofthis reading frame is regularly transcribed in mRNA during the intracellular replication of C trachomatis. Therefore expression of pCTTI genes might be an essential prerequisite for the replication of the host organism. Further studies using reverse PCR protocols are presently performed to investigate the pathogenetic role of the pCTT1 plasmid in C trachomatis infections.
Serial dilution experiments revealed that the detection of C trachomatis using this PCR protocol was 100 fold increased compared to the conventional cell culture technique. The urogenital specimens taken to evaluate the PCR had been investigated with cell culture carried out in vials, and for the demonstration of inclusions fluoresceine conjugated monoclonal antibodies had been used, that is, cell culture had been performed to reach the optimal sensitivity of this method. Nevertheless in 16 
